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SUMMARY

The statedpurpose of this contract is to evaluate
experimental antimalarial drugs, singly or in combination,
againsl trophozoite-induced infections of Plasmodium
falciparum in Aotus lemurinus lemurinus, the Panamanian owl
monkey. The Vietnam Smith/RE strain was used and 1is resistant
to maximally tolerated doses of chloroquine, pyrimethamine,
and quinine.

Four derivatives of artemisinin, the active antimalarial
principal of the Chinese herb ginghao, were selected for
evaluation in the P. falciparum - Aotus model. Two of these
derivatives, WR 255137 (arteether) and WR 254986 (artemether)
are 0il soluble; the water soluble derivatives are WR 255663
(artelinate) and WR 256283 (artesunate). Drugs were
administered intramuscularly, g.1l2h.x3.

Artesunate, at doses of 16.0 to 64.0 mg/kg, cleared
parasitemias in 9 of 9 monkeys. At the same range of doses,
artelinate cleared parasitemias in 6 of 10 Aotus. Neither
drug cured infections, as a recrudescence occurred in all
monkeys. These recrudescences were then re-treated with either
arteether or artemether.

Both WR 255131 (arteether) and WR 254986 (artemether)
were administered at doses ranging from 0.25 to 64.0 mg/kg.
Primary treatment with arteether cleared parasitemias in
25/29 monkeys, and cured infection in 15/28 monkeys. Repeat
treatment with arteether cured infection in 21 of 30 animals.
Overall, arteether cured 36 of 58 (62%) infections. Primary
treatment with artemether cleared 24/33 parasitemias and
cured 19/33 infections. Repeat treatments with artemether
cured 16 of 20 infections. Overall, artemether cured 35 of 49
(71%) infections.

The water socluble, artemisinin derivatives - artesunate
and artelinute - effectively cleared parasitemias, but did
not cure infections. The 0il soluble derivatives - arteether

and artemether - cured Vietnam Smith infections, when
~Aministered at a total dose equal to or greater than 12.0 mg/kg.
The calculated EDs5e for arteether is 10.0 mg/kg, while the ED5g
for artemether is 4.0 mg/kg.

Additional experiments were initiated to reverse chloroquine-
resistance in vivo by the concomitant administration of
chloroguine or uinine and 2 rournlcert s nhenotniazine. All




drugs were administered orally, once daily, for seven days.
Quinine (WR 2976), only, at a dose of 40.0 mg/kg, or cuinine
plus chlorpromazine (WR 2173) at a dose of 20.0 mg/kg suppressed
parasitemias of the Vietnam Smith/RE strain of P. falciparum.
Retreatments with chlorpromazine (20.0 mg/kg) plus chloroguine
(WR 1544), at a dose of 20.0 mg/kg, cured the infection in 2

of 5 Aotus. Primary treatment with chlorpromazine (10.0 ng/kq)
plus chlorogquine (20.0 mg/kg) cleared parasitemia in each of

two monkeys, and cured the infection in one animal. Primary
treatment with chlorpromazine (20.0 mg/kg) in combination

with chloroquine (20.0 mg/kg) cured the infection in 2 of 2
Aotus. Prochlorperazine (WR 6379) administered at a dose of
10.0 mg/kg with chlorogquine (20.0 mg/kg), in a primary treatment,
cleared parasitcmias, without cure, in 2 of 2 monkeys. Primary
treatment with prochlorperazine (20.0 mg/kg) in combination with
chloroguine (20.0 mg/kg) cured the infection in 2 of 2 Aotus.

When trials to demonstrate in vivo reversal of chloroguine-
resistance were initiated three years ago, the desideratum for
demonstration of such reversal was a course of treatment with
a drug combination, one of which was chloroquine, during the
ascending phase of the primary parasitemia resulting in parasite
clearance and infection cure. It is, of course, a given that
such drug treatment would not evoke a toxic reaction. Chlor-
promazine or prochlorperazine, plus chloroguine, appears to
meet these requirements and the combination may be effective
in curing human infections of chlorogquine-resistant P.
falciparum strains. -




FOREWORD

rch described in this report, the
"Guide for the Care and Use of
Laboratory Animals," prepared by the Committee on Care and Use
of Laboratory Animals of the Institute of Laboratury Animal
Resources Commission of Life Sciences, National Research Council

(NTH Publication No. 86-23, Revised 1985).

In conducting the resea
investigator adhered to the
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EXPERIMENTAL PROCFDURES

The monkey-adapted Plasmodium falciparum strain, Vietnam
smith/RE (resistant to maximally tolerated doses of chloroguine,
pyrimethamine, and quinine) was used to induce experimental
malaria infections in Aotus lemurinus lemurinus for the evalua-
tion of the antimalarial efficacy of candidate drugs. Infected
blood, with sodium citrate (2.5%) as the anticoagulant, from
untreated Aotus was diluted appropriately with chi:led saliie
(0.85%), such that each milliliter contained 5,000,000 parasites,
and this amount was injected into the saphenous vein of experimen-
tal and control monkeys.

Blood films, prepared and examined daily beginning on the
first post-inoculation day, were stained with Giemsa. Parasitemias
were evaluated as follows: negative, if no parasites were detected
on a thick blood film after examination for at least 5 minutes;
<10 parasites per cmm, if positive only on the thick blood film;
parasite enumeration was by the Farle-Perez method and reported
as the number of parasites per crm.

Blood films from untreated Aotus, serving as passage and/or
centrol subjects, were prepared and examined daily during the
primary patent period, and daily thereafter for at least three
consecutive days after parasites could last be detected on thick

blood films. When parasitemia had cleared, films were made and
examined twice weekly until a total of 100 negative days had
been recorded. If a recrudescence occurred, blood films were

obtained again on a daily basis.

The schema depicted in Figure 1 represents the designs of a
typical drug evaluation study. Parasitemias were evaluated daily
during the treatment period and until blood films were negative
for at least seven consecutive days. The frequency of smearing
was then reduced to two time per week (Monday and Thursdays or
Tuesdays and Fridays). If no recrudescences occurred during a
100 day examination period, the infection was considered to have
been cured.

Drug doses were calculated as mg base per kg of body weight.
Stock solutionsof water soluble compounds, at appropriate concen-
trations, were prepared with distilled water and stored at 8°C
for the treatment period. If a compound was water inscluble, a
suspension of the requisite amount of drug was prepared daily
with 0.3% methylcellulose (in distilled water).

Oral administration of drugs was effected by gastric intuba-
tion with a 14 French catheter. The total amount of fluid admin-
istered, drug solution or suspension, and rinse was 14 ml.




As indicated in the appropriate sections, some water soluble
f drugs were administered intramuscularly; other water insoluble
drugs were diluted in sesame 0il and administered intramuscularly.




FIGURE 1

SCHEMA FOR DRUG EVALUATION AGAINST

PLASMODIUM FALCIPARUM
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EVALUATION OF THE ANTIMALARIAL
EFFICACY OF FOUR ARTEMISININ
DERIVATIVES

A, INTRODUCTION

Artemisinin is the active antimalarial principal of the herb
ginghao (Artemisia annua L.) used in China for more than four
centuries to combat the chills and fever of malaria. Artemisinin
has been identified as a l5-carbonsesquiterperelactone endoperoxide.
Studies in China with patients infected with P. ifalciparuwm or P.
vivax showed that two derivatives of artemisinin, artemether (oil
soluble) and urtesunate (water soluble), were significantly active
against such infections. Two new artemisinin derivatives were
synthesized, arteether (01l soluble) and sodium artelinate (water
soluble) and selected for comparison with artemether and artesunate.
The antimalarial activity of the four drugs was assessed against
irfections of the multi-drug resistant Vietnam Smith/RE strain of
P. falciparum. All drugs were provided by the Division of
Experimental Therapeutics, Walter Reed Army Institute of Research,
Washingtor, D.C.

Przliminary data for the antimalarial activity of these
four drugs were reported in the previous Annual Report (1988-1989)
for this contract.



B. WR 256283AA(BN:BL 28556), artesunate

Pilot evaluation of artesunate at a dose of 64.0 mg/kg
im, g.12hx3, indicated that the infection in 1 of 2 Aotus was
cured. This frequency and route of administration was used for
additional studies of the drug. as shown in Tables 1 and 2,
doses of 16.0, 32.0, and 64.0 mg/kg cleared parasitemias in 4 to 6
days after initiliating treatment. ©No infections were cured and
the recrudescences were treated with either WR 254986 (artemether)
or WR 255131 (arteether). These retreatment data are reported in
the appropriate section of this report.




-~

C. WK 255663AH(BN:BL 55866), artelinate

Pilot evaluation of artelinate showed that the intra-
muscular route of drug administraticn was better tolerated than
the intravenous route. A dose of 64.0 mg/kg (im), g.l1l2hx3,
cleared parasitemias, without cure, in each of two Aotus.
Results of additional studies are shown in Tables 3 and 4. Vhen
administered intramuscularly, g.1l2hx3, a dose of 16.0 mg/kg
cleared parasitemias in 2 of 3 Aotus, a dose of 32.0 mg/kg
cleared parasitemias in 2 of 3 monkeys, and parasitemias in 2 of
4 Aotus were cleared with a dose of 64.0 mg,/kg. Treatment
failures and recrudescences were re-treated with WR 255131

{arteether) OR WR 254986 (artemether), and detailed in the
appropriate section.




D. WR 255131AE(BN: BL 48816), arteether

The data in Tables 5, 6, and 9, incorporate results of
treatment with this 0il soluble artemisinin derivative, arteether,
including initial trials reported in the 1988-1989 Annual Report
plus re-treatment of recrudescences after administration of
artesunate or artelinate. Arteether was administered intramuscular-
ly, g.12hx3. A dose of 0.25 mg/kg suppressed parasitemia in 4 of 4
Aotus. A dose of 1.0 mg/kg cleared parasitemias in 9 of 10 monkeys
and cured the infection 1 of 10 animals. All parasitemias were
cleared with doses ranging from 4.0 to 64.0 mg/kg. A dose of 4.0
mg/kg cured 12 of 19 infections, 8.0 mg/kg cured 7 of 9 infections,
16.0 mg/kg cured 10 of 10 infections, 32.0 mg/kg cured 2 of 2
infections, and 64.0 mg/kg cured 4/4 of infections.

Overall, parasitemias were cleared in 54 of 59 (91.5%)
treated animals, and 36 of 58 (62.1%) infections were cured.



E. WR 254986AB(BN:BL 26767), artemether

All data associated with the antimalarial assessment
of artemether, an 0il soluble derivative of artemisinin, are
shown in Tables 7, 8, and 9. These data include results of the
initial evaluation reported in the Annual Report (1988-1989),
additional studies initiated during 1989-1990, and re-treatments
of recrudescences following administration of artesunate or
artelinate. Artemether was administered intramuscularly, q.12h3.

A dose of 0.25 mg/kg suppressed the parasitemia in
4 of 4 Aotus. A dose of 1.0 mg/kg cleared parasitemia in 9 of 10
monkeys. Doses of 4.0, 8.0, 16.0, and 64.0 mg/kg cleared
parasitemias in all monkeys. Overall 45 parasitemias were cleared
out of a 50 treatments, or 90%. A total of 35 infections out of
49 was cured, or 71.4%.




F. CONCLUSIONS

Both water soluble derivatives of artemisinin, WR 256283
(artesunate) and WR 255663 (artelinate), provoked no toxicity when
administered intramuscularly, g.1l2h, in Aotus. Artesunate, at the
three doses administered, cleared parasitemias in 9 of 9 monkeys;
however, no infections were cured, as evidenced by recrudescences
in all treated animals. Artelinate was less effective than
artesunate in clearing parasitemias, as 6 of 10 parasitemias were
cleared. These infections were not cured. At the highest dose
administered, 64.0 mg/kg, neither artesunate nor artelinate cured
infections of the Smith/RE strain.

All doses of the two o0il soluble derivatives, WR 255131
(arteether) and WR 254986 (artemether) were well tolerated by
Aotus. Artemether was somewhat more effective than arteether in
curing Smith/RE infections: primary treatments with artemether
cured 19/29 - (66%), while arteetber cured 15/28 (54%); retreat-
ments with artemether cured 16/20 (80%), and arteether cured
21/30 (70%). Overall, artemether cured 35 of 49 (71%) of the
infections, and arteether cured 36 of 58 (62%) of the infections.
Both of the o0il soluble derivatives cured Smith/RE infections,
while neither of the water soluble derivatives demonstrated
curative activity.
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DERIVATIVES AGAINST PLASMODIUM FALCIPARUM INFECTIONS

TABLE 9

35 -

SUMMARY OF THE ACTIVITY OF FOUR ARTEMISININ

MALARIA DOSE mg/kg PRIMARY TREATMENTS REPEAT TREATMENTS  TOTAL TREATMENTS
STRAIN TOTAL DAILY CLEARED CURED CLEARED CURED CLEARED CURED
SMITH/RE WR 256283AA(BL 28556), artesunate
48.0 16.0 3/3 0/3 3/3 0/3
96.0 32.0 3/3 0/3 3/3 0/3
192.0 64.0 3/3 0/3 3/3 0/3
WR 255663AH(BL 55866), artelinate
48.0 16.0 2/3 0/3 2/3 0/3
96.0 32.0 2/3 0/3 2/3 0/3
192.0 64.0 2/4 0/4 2/4 0/4
WR 255131AE(BL 48816), arteether
0.75 0.25 0/4 0/4 0/4 0/4
3.0 1.0 4/4 1/4 5/6 0/6 9/10 1/10
12.0 4.0 8/8 4/8 11 /11 8/11 19/19 12/19
24.0 8.0 4/4 2/4 5/5 5/5 9/9 7/9
48.0 16.0 4/4 4/4 6/6 6/6 10/10 10/10
96.0 32.0 2/2 2/2 2/2 2/2
192.0 64.0 5/5 4/4 5/5 4/4
WR 254986AB(BL 26767), artemether
0.75 0.25 0/4 0/4 0/4 0/4
3.0 1.0 3/4 0/4 6/6 2/6 9/10 2/10
12.0 4.0 8/8 6/8 10/10 2/9 18/18 15/17
24.0 8.0 4/4 4/4 3/3 3/3 7/7 7/7
48.0 16.0 4/4 4/4 2/2 2/2 6/6 6/6
192.0 64.0 5/5 5/5 5/5 5/5
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IN VIVO TRIALS TO REVERSE
CHLOROQUINE RESISTANCE OF

PLASMODIUM FALCIPARUM PARASITES

A. INTRODUCTION

for the past three years, numerous trials have been
devoted to the in vivo reversal »{ chloroguine-resistance of
Vietnam Smith/RE parasites. Diverse calcium channel blockers
were administered with chlorogquine in different regimens. The
desideratum to demonstrate in vivo reversal of chloroguine-
resistance is drug administration during the primary, ascending
phase of the parasitemia, with subsequent parasite clearance
and cure of the infection. Such a sequence of events has not
been demonstrated heretofore. We did show that desipramine
plus chloroguine, administered for three days, will clear
parasitemias, but not cure the infection.

Additional in vivo trials to revers> chloroguine-
resistance of chloroquine-resistant Smith/RE parasites are
reported in subsequent sections.




B. WR 2173AL(BN:BK 20886), chlorpromazine
WR 2976AY (BN:AW 23860), quinine

Chlorpromazine is a psychotropic agent, similar to
other drugs previously used for in vivo chloroquine reversal
experiments against Vietnam Smith/RE parac<ites, resistant to
maximallyv tolerated doses of chlorogquine, quinine, and
pyrimethamine. The data in Tables 10 and 11 show that guinine
alone (40.0 mg/kgx7) suppressed the parasitemia in each cof two
Aotus. Quinine plus chlorpromazine (20.0 mg/kgx7) also suppressed
the parasitemia in 2 of 2 morkeys. These treatment failures were
retreated as indicated in the following section.




C. WR 2173AL(BN: BK 208686}, chlorpromazine
WR 1544BM(BN: AR 20613), chloroquine

As shown in Tables 12 and 13, primary treatment with
chlorpromazine (20.0 mg/kgx7) plus chloroquine (20.0 mg/kgx7)
cleared the parasitemia, with recrudescence, in one Aotus,
and suppressed parasitemia in one Aotus. Retreatment of
infections, treated initially with chlorpromazine plus gquinine,
was initiated with chlorpromazine (20.0 mg/kg) plus chloroquine
(22.0 mg/kg). One of these monkeys (12494r) became flaccid
within 30 minutes after drug administration. Consequently, the
dose of chlorpromazine was reduced to 10.0 mg/kg daily. Of these
five re-treated monkeys, two died of probable drug toxicity,
two were cured of infection, and the parasitemia in one recru-
desced.

It must be emphasized that cure of the infection in
two Aotus was achieved after two courses of treatment, concomitant
with acquiredimmunity. Similar results have been obtained in
previous trials of in vivo reversal of chloroguire resistance.
Such cures, however, do not conform to the desideratum of cure
following a single treatment regimen, during the ascending phase
of the parasitemia.




D. Limited toxicity evaluation or
WR 2173AL(BN:BK 20886), chlorpromazine,

WR 6379AF (BN:BM 1907), prochlorperazine,
each in combination with WR 1544BM(BN:AR 20613), chloroquine.

Although limited in scope, results of the trials detailed
in the previous section (C) with chlorpromazine plus chloroquine
to reverse chlorogquine resistance in vivo were of significant
impact to warrant repetition. The two deaths occurring during
re-treatment with chlorpromazine plus chlorogquine necessitated
a limited toxicity evaluation of this drug combination. Also
included was prochlorperazine plus chloroquine.

At the doses used (Table 14), the drug combinations
were tolerated well, there was no indication of vomiting, diarrhea,
or adverse overt responses. There was some anorexia as evidenced
by loss of body weight. (Table 14). Generally, body weight loss
ranged from 5 to 10% of pre-treatment body weight. No animals
died during treatment nor any time thereafter.
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E. WR 2173AL(BN:BK 20886), chlorpromazine
WR 1544BM(BN:AR 20613), chloroguine

Data in Section D showed that Aotus tolerated a seven
day course of treatment with chlorpromazine plus gquinine. An
experiment was initiated to evaluate further this drug combination
against chloroquine-resistant Vietnam Smith/RE parasites. The
results are presented in Tables 15 and 16. Chlorpromazine
{10.0 and 20.0 mg/kgx7) plus chloroquine (20.0 mg/kgx7) cleared
parasitemias within 6 to 7 days after initiation of treatment.

A recrudescence occurred in one monkey that had received chlor-
promazine (10.0 mg/kgx7) plus chloroguine.

Since there has been no evidence of recrudescences
for more than 44 days after primary treatment, it is highly
probable that the infections in these animals have been cured.
These results appear to fulfill the desideratum of in vivo
reversal of chloroquine resistance, viz. one course of treatment
during the ascending phase of the primary parasitemia, resulting
in clearance of parasitemia and cured of infection.
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F. WR 6379AF (BN:BM 190/), procnlorperazine
WR 1544BM(BN:AR 20613), chlcoroquine

Limited toxicity data (Section D) indicated that
prochlorperazine plus chloroguine, administered for 7 days,
evoked no overt toxicity in Aotus. This drug combination was
used in another trial to reverse chloroquine resistance, in
vivo, of Vietnam Smith/RE falciparum parasites. The results
of this pilot evaluation are presented in Tables 17 and 18.
Prochlorperazine (10.0 mg/kgx7) plus chloroquine (20.0 mg/kgx7)
cleared parasitemias in 2 of 2 Aotus; a recrudescence occurred
in both animals. Primary treatment with prochlorperazine
(20.0 mg/kgx7) plus chlorogquine (20.0 mg/kgx7) cleared
parasitemias in 2 of 2 Aotus. The absence of recrudescence in
these two monkeys for more than 44 days is highly indicative
of infection cure. Blood films in the two Aotus (12521r and
12537r) have been parasite negative for more than 16 to 22 days.




G. Limited toxicity evaluation of
WR 267634AC(BN:BM 01916), ketotifen, and
WR 035917AB(BN:BL 08170), cyproheptadine, both
in combination with WR 1544BM(BN:AR 20613), chloroguine

Two tricyclic antihistamines, ketotifen and cyproheptadine
were administered to Aotus (cured of malaria infection) to ascertain
toxicity, or lack thereof. Each drug, was given orally (once daily}
in combination with chloroquine (20.0 mg/kgx7). The body weights of
these animals before and after drug treatment aré shown in Table 19.
On day 1 after the termination of treatment, body weight loss ranged
from 1.2% to 6.3%, the highest observed in Aotus 12410 {(cyproheptadine,
20.0 mg/kg). By davy 14 post-treatment, body weights of 4 of the 6
monkeys were equal to or greater than the pre-treatment body weight.
There was no evidence of diarrhee, vomiting, or debilitation during
or after treatment.

An experiment is planned to ascertain if ketotifen plus
cnicroquine, or cyproheptadine plus chlorogquine, can reverse
chloroquine resistance in vivo.




H. Conclusions

In vivo reversal of chloroguine-resistance is a
promising potential in curing P. falciparum infections resistant
to this 4-aminoquinoline. The desideratum of such cure is a
single course of treatment with chloroquine plus a drug that
inhibits the efflux of chloroguine from the parasitized
erythrocyte. Results presented in this section for pilot
evaluations of chlorpromazine plus chloroquine and prochlor-
perazine plus chloroquine indicate that both of these neurolopetic
phenothiazines plus chloroquine can cure chlorogquine-resistant
falciparum infections administered at doses tolerated well by
Aotus. Each of these drugs is approved for use in humans. If
a drug combination proves to be non-toxic, in humans, then
chlorpromazine or prochlorperazine, in combination. with
chloroquine, may be added to the anti-malarial drug armamentarium.
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TABLE 14

TOXICITY EVALUATION OF WR 2173AL(BK 20886),
CHLORPROMAZINE, AND WR 6379AF(BM 1907),
PROCHLORPERAZINE, BOTH IN COMBINATION
WITH WR 1544BM (AR 20613), CHLOROQUINE

Body Weight-gms

Monk. Drug
No. mg /kg Pre-Rx Day Post-Rx
1 9 17

12435 10.0a 730 695 674 690
12439 10.0a 819 779 780 790
12444 20.0a 783 725 709 720
12347 20.0a 724 705 792 803
12443 10.0b 884 844 €19 789
12419 10.0b 858 813 834 845
12440 20.0b 878 810 823 821
12313 20.0b 880 763 730 718

a. WR 2173AL

b. WR 6379AF

Drugs were administered orally, once daily, for 7 days plus
WR 1544BM, 20.0 mg/kg.
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TABLE 19

TOXICITY EVALUATION OF WR 267634AC(BM 01916),
KETOTIFEN, AND WR 035917AB(BL 08170),
CYPROHEPTADINE, BOTH IN COMBINATION WITH

WR 1544BM (AR 20613), CHLOROQUINE

Monkey No. Drug Body Weight (gms)
ng /kg

Days Post Treatment
-1 1 7 14
12352 10.0a 736 717 728 750
12400 20.0a 739 712 723 766
12472 10.0b 786 776 780 780
12384 10.0b 862 823 836 840
12353 20.0b 816 787 788 846
12410 20.0b 799 749 757 776

a WR 035917, oral, once daily x7
b WR 267634, oral, once daily X7

Each monkey also received chloroquine, 20.0 mg/kg, orally,
once daily for 7 days.
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